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SPEECH PERCEPTION IN RATS: USE OF DURATION AND RISE TIME CUES IN
LABELING OF AFFRICATE/FRICATIVE SOUNDS

PHIL REED, PETER HOWELL, STEVIE SACKIN, LISA PIZZIMENTI, AND STUART ROSEN

UNIVERSITY COLLEGE LONDON

The voiceless affricate/fricative contrast has played an important role in developing auditory theories
of speech perception. This type of theory draws some of its support from experimental data on
animals. However, nothing is known about differential responding of affricate/fricative continua by
animals. In the current study, the ability of hooded rats to ‘‘label’’ an affricate/fricative continuum
was tested. Transfer (without retraining) to analogous nonspeech continua was also tested. The
nonspeech continua were chosen so that if transfer occurred, it would indicate whether the animals
had learned to use rise time or duration cues to differentiate affricates from fricatives. The data
from 9 of 10 rats indicated that rats can discriminate between these cues and do so in a similar
manner to human subjects. The data from 9 of 10 rats also demonstrated that the rise time of the
stimulus was the basis of the discrimination; the remaining rat appeared to use duration.
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Several theorists have suggested that the
production and understanding of speech is
somehow ‘‘special’’ (see Kelley, 1986; Liber-
man, 1996). That is, speech sounds are
thought by such theorists to be discriminated
from one another, and labeled, differently
from the way in which nonspeech sounds are
discriminated from one another. Such a view
has been termed a motor theory of speech per-
ception (see Liberman, Cooper, Shankweiler,
& Studdert-Kennedy, 1967; Liberman & Mat-
tingly, 1985). Although there have been sev-
eral reformulations of motor theory (e.g.,
Liberman & Studdert-Kennedy, 1978; Repp &
Liberman, 1987), they all share several fea-
tures of the original, and none is as explicit
as the view put forth by Liberman et al.
(1967). Motor theory suggests that there are
invariant relations between particular speech
sounds and their motor analogues (Kerzel &
Bekkering, 2000; but see Lindblom, 1991;
Paliwal, Lindsay, & Ainsworth, 1983), and that
a brain module causes perception of these
phonemic structures directly by comparison
of the speech sound input and motor ana-
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logue required for its production (Liberman
& Mattingly, 1985). That is, the perception
and labeling of speech sounds depend on the
listener being able to compare the speech
sound input to the motor programs that
would be required to produce that sound.
Once an appropriate match has been found,
the sound can be labeled as a particular pho-
neme.

Such theorists argue further that, as hu-
mans are unique in being the only species
possessing speech and language, the process-
es allowing the discrimination and labeling of
speech sounds may be specific to humans.
Obviously, such a theory would predict that
species such as rats, which are not capable of
producing speech, should not perceive and
label speech sounds in a manner similar to
humans. Although a demonstration of hu-
man-like speech perception does not rule out
the possibility of a special speech-perception
mechanism in humans, it would show that the
existence of such a mechanism is not a ne-
cessity, and that some other aspect of the sit-
uation must support the discrimination of the
sounds.

In speech perception, theories such as the
above motor theory have implied little ex-
planatory role for auditory discrimination
processes that involve the cues contained in
the stimuli themselves. That is, the auditory
differences among the stimuli that potentially
could support the learning of a discrimina-
tion between those cues are not suggested by
motor theories as critical in the specialized



206 PHIL REED et al.

processes that allow speech perception and
the subsequent labeling of speech sounds.
There is a class of theories, however, that does
assume a central role for the properties of the
auditory cues in explaining many phenome-
na in speech perception. Hence, a crucial is-
sue for such theories of speech perception is
the extent to which perceptual processes are
based upon the properties of the speech sig-
nal. That is, whether the dimensions of the
speech sound stimuli (phonemes) are suffi-
ciently different from one another to allow
differential responding (labeling) to those
stimuli based on the differences in the di-
mensions of the sound stimuli themselves.
Thus the aims of an auditory theory of
speech perception are to specify the acous-
tic/auditory features that are responsible for
the perception/labeling of the phonemic dis-
tinction, and to provide a mechanism
through which various acoustic/auditory fac-
tors can interact to determine the phonetic
percept.

If such a mechanism is responsible for
speech perception, then all animals with the
appropriate auditory sensitivities should be
able to perceive speech stimuli in a similar
manner to that found in humans. That is, the
stimuli belonging to the same speech sound
continua should be categorized similarly
across these species. In fact, several studies on
speech categorization have been conducted
using nonhuman species. In general, these
studies have shown that various nonhuman
species, such as chinchillas (e.g., Kuhl & Mill-
er, 1975), quail (e.g., Kluender, Diehl, & Kil-
leen, 1987; Lotto, Kluender, & Holt, 1997),
and monkeys (e.g., Sinnott, Brown, & Bor-
neman, 1998; but see Sinnott, Brown, Malik,
Kressley, 1997), do categorize speech sounds
in a similar manner to humans. This suggests
that the mechanisms that allow perception
and categorization of speech sounds are not
unique to humans and are auditory in na-
ture.

The voiceless affricate/fricative contrast
(distinguishing ‘‘chip’’ from ‘‘ship’’) has
played a particularly important role in sup-
porting such auditory theories when human
subjects have been employed. Such a contrast
can be made on the basis of a number of
interacting acoustic features. Important for
the current purposes are the duration and
the rise time of the sound stimulus. Com-

pared to the fricative (sh), the affricate sound
stimulus (ch) is typically shorter in duration
and has a faster rise time (Gerstman, 1957;
Howell & Rosen, 1983). Typical audiograms
illustrating the difference between a ‘‘cha’’
and a ‘‘sha’’ sound are displayed in Figure 1.

The first empirical evidence of an acoustic
feature responsible for phonetic categoriza-
tion came from a study reported by Cutting
and Rosner (1974; see also Delgutte, 1982).
They reported a close correspondence be-
tween labeling and discrimination of speech
sounds (heard as voiceless affricate/fricative
sounds) and nonspeech sounds that varied in
rise time (heard as plucked–bowed sounds as
they resemble a stringed instrument being ei-
ther plucked or bowed, respectively). On
such continua, a rise time continuum was cre-
ated in which sounds go immediately (from
their start) to their maximum amplitude, or
take some time (the rise time) to get to their
maximum amplitude. The ‘‘pluck/bow’’ is
the stimulus classification imposed on stimuli
from such a rise time continuum, being a ver-
bal label for the stimuli derived from the dif-
ferent sounds produced when plucking
(short rise time) or bowing (long rise time)
a string of a violin, guitar, and so forth. Cut-
ting and Rosner also claimed that the dis-
crimination function for a nonspeech, pluck–
bow continuum had a peak at the category
boundary obtained from a labeling function,
just as the speech continuum did. This claim
was particularly important as the discrimina-
tion peak had hitherto been thought to be
unique to speech sounds. Although it is now
clear that the discrimination function for
pluck–bow continua of this specification does
not have a peak (cf. Rosen & Howell, 1981),
labeling performance is similar for both the
speech continuum and the nonspeech con-
tinuum.

That speech and nonspeech sounds are
perceptually characterized as similar to one
another is one problem for a view that sug-
gests that speech sounds are processed by a
dedicated specialized mechanism. Such a mo-
tor theory view might predict differences in
the manner of processing of such speech and
nonspeech stimuli. If this finding could be
combined with a demonstration of similari-
ties between human and nonhuman discrim-
ination of such speech and nonspeech
sounds, these results would be problematic
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Fig. 1. Audiogram of ‘‘cha’’ and ‘‘sha’’ sounds showing rise time and duration differences between the stimuli.

for motor theories of speech perception. Un-
fortunately, nothing is known about the way
in which mammals (apart from humans) re-
spond to the affricate/fricative continuum
(i.e., nonhuman animals have not been test-
ed on a cha–sha continuum).

To allow documentation of the cross-spe-
cies similarities in responding to this contin-
uum, the present experiment employed rat
subjects and tested their categorization of
speech sounds. Correspondences between
human and rat performance on speech con-
tinua would provide strong support to an au-
ditory point of view (i.e., a view suggesting
that a discrimination can be based on the
properties of the stimulus, rather than in the
perceptual system of the organism) because
motor theory would suggest the systems nec-
essary for speech perception would be absent

in the rat and other nonverbal creatures (see
Kuhl, 1987, for a review). Such correspon-
dences between rat and human speech per-
ception would also tend to challenge theories
that claim that the perception of speech de-
pends on specialized mechanisms that are
unique to humans. Similarly, correspondenc-
es in perceptual behavior across speech and
analogous nonspeech continua (both in hu-
mans and rats) would also tend to support
auditory theories of speech perception.

The nonspeech analogues of the cha–sha
syllables used in the present study were con-
structed so that they involved rise time only,
or both rise time and frication duration, as
cues to discriminate between the stimuli. The
selective involvement of the duration cue was
achieved by constructing signal-correlated
noise (SCN) versions of the original speech
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sound (Schroeder, 1968). The SCN transfor-
mation maintains the envelope information
when it is applied to a signal. Specifically, the
transformation maintains the rise time of
stimuli. The other effect to note is that the
speech sound is transformed to white noise.
This effect allows selective involvement of fri-
cation duration as a cue.

On the one hand, applying the transfor-
mation to the fricated (sh or ch) portion
alone (i.e., to create a noise–speech stimulus
continuum) broadens the noise bandwidth,
but the duration of the noise section can still
be easily determined because the vowel onset
(i.e., a) is readily apparent. On the other
hand, applying the transformation to the vo-
calic (a) portion (i.e., speech–noise) leads to
the percept of a continuous noise, in which
duration of the fricated portion is not dis-
cernable (this same situation applies when
the transformation is made on the whole of
the signal [i.e., noise–noise]). Thus duration
is neutralized as a cue with SCN versions of
all the syllables (noise–noise), or when ap-
plied to the vowel portion alone (speech–
noise), but not with an SCN version applied
to the fricated portion alone (noise–speech)
or with full speech syllables (speech–speech).

If the animals’ generalization from the
speech to analogous nonspeech versions de-
pends on whether the vocalic portion is an
SCN version, then duration would be impli-
cated as a cue underlying perception of this
phonemic distinction. Alternatively, if ani-
mals generalize irrespective of whether the
vowel is SCN, then rise time would appear to
be the critical cue. One further aspect to note
about the current experiment is that gener-
alization testing was assessed without any spe-
cific training on the alternative versions. Fi-
nally, because the auditory sensitivity of rats
differs from the auditory sensitivity of hu-
mans, comparison of human performance
with that of the rats’ performance was based
on filtered sounds, so that these sounds for
the humans approximate those that were
heard by the rats.

METHOD

Subjects

Ten experimentally-naive, male Lister
Hooded rats were used in the present exper-

iment. One rat became ill and died during
the course of the experiment, and its data
were not reported in this study. The rats were
4 to 7 months old at the start of the experi-
ment and had initial free-feeding body weight
ranges of 350 to 560 g. The rats were initially
deprived to 85% of their free-feeding body
weights and thereafter were maintained at
these weights for 6 weeks. After every 6-week
period, 15 g was added to the rats’ target
weight, and they were maintained at this new
weight for a further 6 weeks. The rats were
housed in groups of three and four and were
kept on a 12:12 hr light/dark cycle. Testing
took place in the light part of the cycle.

Six humans acted as subjects, 2 males and
4 females. They were aged between 18 and
25 years and had no history of hearing diffi-
culty.

Apparatus

Training for the rats was conducted in two
identical operant-conditioning chambers 23.5
cm by 23.5 cm by 20.5 cm. Reinforcers (45
mg Noyes food pellets) could be delivered to
a centrally located food tray that was covered
by a hinged, clear plastic flap. There was a
response lever on each side of the hinged
flap (referred to as left and right response
levers). A force of approximately 0.30 N was
required to operate the levers. A speaker with
flat frequency response within 3 dB, between
50 Hz and 15 kHz, was located on the ceiling
of the chamber through which the auditory
stimuli could be presented. This speaker was
positioned directly above the position of the
rat’s ears when the rat was in the center of
the conditioning box between the two levers.
The chamber was not illuminated during the
course of the experiment.

Stimuli

The word sha, spoken by a female, was re-
corded into a computer at 30 kHz. Twelve
bits of quantization were recorded into the
computer at 30 kHz, which was the maximum
obtainable on the sound card employed
(Data Translationt Model dt 2811). A section
of constant amplitude frication preceded the
vowel. Successive stimuli were created by re-
ducing the duration in 10-ms steps, from a
maximum of 85 ms. Then the onsets were
contoured to give rise times varying from 5
to 85 ms, in 10-ms steps, with the most abrupt
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Table 1

Number of trials to performance criteria during acquisi-
tion training.

Rat Trials

Geof
Euan
Timm
Chris
Ro

43
118
37

107
108

Bo
Jo
Tony
Hen

116
56
45
46

rise applied to the shortest stimulus, the next
most abrupt rise applied to the next shortest
sound, and so on. Thus these stimuli covary
in frication duration and in rise time at onset,
so that the shortest sounds like cha.

A nonspeech version of each stimulus was
created by randomly flipping the polarity of
each sample in the digitized speech wave-
forms, with a probability of .5 (SCN, cf.
Schroeder, 1968). Such a transformation pre-
serves many of the temporal properties of the
signal but makes its spectrum white. There is,
thus, relatively little effect on the properties
of the aperiodic frication in the sounds
(maintaining their rise time and frication,
and the aperiodic nature of the sound). The
vowels (i.e., a), however, sound very different
after the transformation as they are trans-
formed from quasi-periodic versions to ape-
riodic stimuli.

The speech–noise and noise–speech stim-
uli were constructed as follows. First, for both
sets of stimuli, the end of the affricate portion
was located. The SCN transformation was ap-
plied up to the start of the vowel for the
noise–speech stimuli (converts only the fri-
cated portion to white noise) or from the
vowel to the end of the sound for the speech–
noise stimuli (converts only the vowel portion
to white noise).

Procedure

Rats. The rats were initially magazine
trained in two 30-min sessions. During each
of these sessions, the response levers were re-
tracted from the chamber and reinforcement
was delivered according to a random time 60-
s schedule. For the first session, the flap cov-
ering the food tray was taped open to allow
easy access to the pellets. For the second ses-
sion, the flap was lowered to its standard rest-
ing position. Following magazine training,
the rats were trained to press the levers in
four sessions during which a continuous re-
inforcement (CRF) schedule was in effect.
For each of these sessions, both of the levers
were inserted into the chamber, and rein-
forcement followed a response to either lever.
Each of these sessions lasted for 30 min.

The critical experimental manipulations
began immediately following the last session
of CRF training. For these sessions, both le-
vers were inserted into the chamber and re-
mained there throughout the session. Ses-

sions consisted of sixty 15-s trials, during
which reinforcement was available. Each trial
was separated by a 45-s intertrial interval
(ITI). During each of the trials, one of two
sounds (cha or sha) was presented. For 5 rats
(Geof, Euan, Tony, Timm and Ch), when the
stimulus cha was presented, left-lever respons-
es were reinforced. Responses to the right le-
ver were not reinforced. For these rats, when
the stimulus sha was presented, responses to
the right lever were reinforced, but responses
to the left lever were not. The opposite con-
tingencies were operative for the other rats
(Bo, Hen, Jo, and Ro).

Training consisted of two phases: A phase
during which the rats were trained on the
endpoints, and a generalization test phase.
During the endpoint phase, for the first two
sessions one response was required for rein-
forcement during the stimulus presentation.
This requirement was increased during Ses-
sions 3 and 4. In these sessions, reinforce-
ment required either one or two responses.
This number was determined randomly for
each successive reward. For the remainder of
the experiment, reinforcement was arranged
according to a random-ratio 3 schedule. The
number of required responses varied from re-
ward to reward and were determined ran-
domly. Each session consisted of 30 trials of
each stimulus type and lasted for 30 min. This
phase of training continued until the rats
reached a criterion of six continuous sessions
during which they reached 80% correct re-
sponses on each lever. The number of trials
taken to reach this criterion are displayed in
Table 1 for each rat. As soon as the rats
reached this criterion, they were shifted to
the generalization test phase.
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There were four tests during the general-
ization phase of the study. Each session con-
tained nine stimuli in the series. In the first
test, the rats were given six sessions in which
there were 56 trials. Twenty-eight of these tri-
als were as described above (14 with cha, and
14 with sha). The other 28 trials correspond-
ed to four nonreinforced trials for each of the
seven midpoint stimuli (i.e., stimuli with 15-
to 75-ms rise time, in 10-ms steps). Following
six sessions of this testing, the rats were given
four sessions of endpoint training as before,
and were then tested with the SCN sounds.
This test took the same form as the above,
but with 28 trials for the speech endpoints
(reinforced), and 36 nonreinforced trials,
four each with the two endpoint and seven
midpoint SCN sounds.

After six sessions of these contingencies,
the rats were then returned to discrimination
training with cha–sha for four sessions. The
third test used the speech–noise stimuli.
Again, there were 28 trials for the speech
endpoints (reinforced), and 36 trials for the
speech–noise stimuli—four for each of the
endpoint stimuli and four for each of the sev-
en midpoint sounds (nonreinforced). After
four more sessions of baseline training, the
subjects experienced the noise–speech test.
This test took the same form as that de-
scribed above except the stimuli from the
noise–speech continuum were employed.
The rats were then exposed to the same pro-
cedure a second time.

Humans. The humans labeled four contin-
ua. Two of the continua were the speech–
speech and the noise–noise continua that
were played to the rats. The other two con-
tinua were based on the above speech–speech
and noise–noise continua. As the audible fre-
quency range for rats and humans is differ-
ent, a set of stimuli were created for the hu-
man subjects that would contain only the
frequencies audible to the rats. The proce-
dure to create these stimuli for the humans
was based on the results of Kelly and Master-
ton (1977) for the albino rat (rattus norvegi-
cus). The stimuli were created by filtering the
speech and noise stimuli prior to digitizing
them. High-pass filtering of the stimuli oc-
curred at 8 kHz, 12 dB/octave rolloff. The
stimuli were also low-pass filtered at the Ny-
quist frequency leaving a total bandwidth of
7 kHz (i.e., 8 to 15 kHz).

The humans were presented with the nine
stimuli, varying in rise time as described for
the rats. Each of the stimuli was presented 10
times to each of the human subjects. The or-
der of presentation of the stimuli was ran-
domized. The subjects were presented these
stimuli through headphones and were seated
in front of a response panel that comprised
two keys. They were instructed to press the
key on their left if they perceived the stimulus
as cha, and to press the key on their right if
they perceived the stimulus as sha.

RESULTS

Figure 2 shows the obtained labeling func-
tions for the sound continua. The results for
each of the four different continua are given:
all speech (speech–speech), all noise (noise–
noise), frication portion noise (noise–
speech), and vocalic portion noise (speech–
noise). These functions represent the per-
centage of responses emitted to the lever
associated with reinforced responding when
the endpoint sound cha was presented (i.e.,
the cha appropriate lever). The rat’s scores
for each stimulus were calculated by dividing
the number of times that the rat made its first
response during the stimulus presentation to
the lever associated with reinforced respond-
ing in the presence of the endpoint speech–
speech stimulus cha by the total number of
trials associated with the stimulus in question
during the experiment. If no responses were
made during a trial, that trial was excluded
from the calculation.

Inspection of Figure 2 shows the perfor-
mances of the rats on the speech–speech con-
tinuum were highly similar to one another.
Their performance with speech–speech stim-
uli generalized across the continuum. Rat
Tony’s function was shallow, and Rats Euan,
Ch and Hen were somewhat noisy. Categori-
zation curves were fitted by cumulative nor-
mal functions using maximum likelihood
(Bock & Jones, 1968). This test, also known
as Probit Analysis, weights the observations
with respect to the reliability it is possible to
achieve for that number of observations, and
with respect to their position in the distribu-
tion. From these lines, the 50% point, or cat-
egory boundary, and the standard error of
the estimate (s.e.) were estimated. With these
statistics, analysis proceeded by transforming
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Fig. 2. Labeling functions for rat subjects depicting data from the all speech affricate/fricative continuum
(speech–speech), SCN versions of each of the speech stimuli (noise–noise), SCN versions of the affricate portion
alone for all stimuli (noise–speech), and SCN versions of the vowel portion alone for all stimuli (speech–noise).
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the parameters to standard normal deviates.
The category boundary for an individual was
defined by the probit analysis as 6 1.96 stan-
dard error of measurement (SEM) around
the 50% point, and all of these intervals over-
lapped the location of the 50% point for the
group. Thus it appears that all animals place
the speech category boundary at a similar po-
sition on the continuum.

Performance on the noise–speech contin-
uum (which includes duration and rise time
as cues, as does the speech–speech continu-
um) was similar to that observed on the
speech–speech continuum. Rat Tony’s per-
formance on noise–speech was not as shallow
as with speech sounds, indicating that the
shallow function with speech appears to be
attributable to variability in performance. Rat
Euan’s data were somewhat noisy, but there
seemed to be clear evidence of categorization
both on the noise–speech continuum and on
the speech–speech continuum. Probit analy-
sis showed that the 8 rats remaining in the
analysis exhibited category boundaries within
6 1.96 s.e. of the pooled data of these same
rats. Thus there is no evidence for category
boundary differences between rats that can
categorize the continuum. Further compari-
son showed that the category boundaries of
the noise–speech continuum all fell within 6
1.96 s.e. of the pooled estimate on the speech
continuum for these 8 rats.

The remaining two conditions converted
the vowel sound (a) to noise, and either left
the frication (cha or sha) as relatively narrow-
band frication noise (i.e., speech–noise), or
converted it to white noise (i.e., noise–noise).
As argued, performance on these continua
cannot be based on duration, so any evidence
of categorizing behavior along these continua
indicates the use of the rise time cue in cat-
egorization. Inspection of Figure 2 shows that
the rats categorized both of these continua of
sounds in a similar way to the speech contin-
uum on which they were initially trained.
Analysis proceeded as before for the 7 rats
(excluding Bo and Ro). For both the speech–
noise and noise–noise continua, each rat’s
data fell within 6 1.96 s.e. of the pooled es-
timates of these 7 rats for the same test con-
tinuum (noise–noise and speech–noise, re-
spectively). Moreover, when the individual
estimates were compared with 6 1.96 s.e. es-
timated for the three other test continua, for

these 7 rats all individual boundaries fell with-
in the same confidence limits. Thus it ap-
pears that the rats can generalize their initial
training on the speech–speech continuum to
continua they have not heard before. Because
rise time is the only cue that would permit
the rats to do this, it seems that most of the
rats relied on this cue.

Two rats (Rat Bo and Rat Ro) did not show
the same pattern of performance as the other
7 rats shown in Figure 2. Rather, these rats
displayed a different profile from one anoth-
er, as well as from the other rats. Perfor-
mance of Rat Bo was consistent with predic-
tions based on the subject using the duration
cue. That is, for Rat Bo, the two continua to
which the initial categorization did not gen-
eralize (noise–noise and speech–noise) had
the duration cue neutralized. This subject,
thus, appeared to use duration as a cue. Rat
Ro showed little evidence of categorization
for any continuum other than that trained.

The results for the human subjects listen-
ing to speech and noise are presented (be-
fore and after filtering in each case) in Figure
3. These data show that there was good gen-
eralization between nonfiltered and filtered
continua and between speech and noise for
all subjects (with the exception of Subject
H3). Probit analyses showed that there was no
significant difference between the functions
for speech and noise continua. Moreover, the
boundaries for the filtered and nonfiltered
continua for the humans did not differ from
each other, suggesting that the properties un-
derlying this discrimination were contained
similarly with the speech and noise stimuli
and were not restricted to speech stimuli.

Figure 4 presents the group-mean category
boundaries obtained for the categorization of
the speech–speech and noise–noise sounds
for the 7 rat subjects who completed all gen-
eralizations successfully, and for the 6 human
subjects employed. (These data reflect per-
formance on the filtered versions of the
sounds in the case of the humans.) Inspec-
tion of these data shows similar performance
on the speech and noise continua within a
species, all ts , 1. The category boundary for
the humans was at a longer rise time for the
rats on both discriminations, smallest t(11) 5
3.01, p , .01.
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Fig. 3. Results of 6 human listeners labeling speech–speech and noise–noise continua before and after filtering.

DISCUSSION

The results demonstrate that all of the rats
employed learned the speech distinctions,
and that 8 out of the 9 rats transferred this
ability to nonspeech continua that varied in
rise time. The rat subjects performed these
discriminations of speech sounds as well as
humans. Also, rat performance was function-
ally similar to the performance of humans in

that both rat and human performance varied
with rise time (albeit different absolute rise
times being responsible for controlling the
50% categorization point). That perfor-
mance was similar across species suggests that
there is no specialized mechanism for the
perception of speech sounds that is uniquely
human. This corroborates the findings ob-
tained from other species using other pho-
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Fig. 4. Group-mean (and standard errors) for the cat-
egory boundaries for the speech and noise continua for
the rat and human subjects.

nemic distinctions (e.g., Kluender et al.,
1987; Kuhl & Miller, 1975; Lotto et al., 1997).
In doing so, using rats for the first time, these
data also add to the growing body of evidence
that nonhuman animals discriminate be-
tween speech sounds in a similar manner to
humans (see Kuhl, 1987, for a review). To this
extent, these data give support to auditory
theories of speech perception and are prob-
lematic for motor theories of speech percep-
tion.

The present results implicate rise time as
the salient dimension that allows classifica-
tion of the affricate/fricative continuum be-
cause labeling ability was still demonstrated
when duration was neutralized as a possible
discriminative cue. This conclusion is also in-
dicated by Cutting and Rosner’s (1974) re-
sults with nonspeech sounds. The nonspeech
sounds in their experiment consisted of a
sawtooth waveform that varied in rise time.
The continuum did not attempt to mimic du-
ration differences signaled in speech sounds
by change from aperiodic frication to quasi-
periodic vocalic portions. Labeling perfor-
mance was similar between speech and non-
speech continua. This result, unlike the
discrimination peaks reported to occur on
the nonspeech analogue, has been replicated
(Rosen & Howell, 1981). The similarity in
performance between speech and nonspeech
across these studies indicates that discrimi-
nation of the speech and nonspeech sounds
on these continua are based on the rise time
attribute of the auditory stimulus, and that
frication duration only plays a secondary role
(Dorman, Raphael, & Isenberg, 1980).

Before discussing the implications of these
data for theories of speech perception, two
procedural issues should be addressed. The
speech continua were presented to the sub-
jects in the same order as one another each
time. This may have introduced potential
confounds into the data. It should be noted,
however, that this order of continua was pre-
sented twice to the rats, which should serve
to minimize such problems. Secondly, the
procedure adopted used relatively rich rein-
forcement schedules. The rich schedules may
have afforded the opportunity for discrimi-
nation between the training and test sessions
(there being a lower frequency of reinforce-
ment in the tests). In turn, this may have re-
sulted in the weaker stimulus control seen in
some of the rats. Because the vast majority of
generalization curves were very similar to one
another, however, this concern is somewhat
offset.

The fact that rats and humans generalized
between the speech and nonspeech continu-
um in highly similar ways to one another sug-
gests corroborative evidence for a perceptual
theory of speech perception, and further pre-
sents problems for a simple motor theory of
speech perception. Of course, this interpre-
tation holds as long as it is assumed that all
sounds that come from speech are special,
and that if one can find a single speech sound
continuum that rats can discriminate in a sim-
ilar manner to humans, then the motor the-
ory is falsified. This strong version of motor
theory claims that in order to discriminate
speech stimuli, the subject must be able to
both perceive and produce the sound. Al-
though motor theories do not in themselves
discriminate speech sounds in any other way
than this, it may be that such a view is too
simplistic. For example, it could be assumed
that rats and humans do have similar audi-
tory systems, but that humans lose sensitivity
to phonemes that are not present in their lan-
guage as they are not used. Rats, of course,
would not lose sensitivity since they have no
language. In this instance, rats would be able
to discriminate all the sounds that humans
can, plus those that the humans lose. For ex-
ample, some Asian languages do not have
separate ‘‘r ’’ and ‘‘l’’ sounds, and native
speakers may not be able to discriminate be-
tween the two. It would be worth extending
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the analysis in future work to investigate this
possibility.

The present data also suggest that duration
may be learned as an attribute that differen-
tiates affricates from fricatives. In fact, 1 rat
provided data consistent with the interpreta-
tion that it used this duration cue to make
the discrimination. Thus performance of this
rat was random in the two continua that had
the duration cue neutralized. Future work
should seek to establish why the majority of
animals respond on the basis of rise time in
performing this task. It may be that rise time
is the more salient dimension of the stimulus
for this species, and that other species may
differ depending upon their auditory sensi-
tivities. Any species differences obtained in la-
beling of speech stimuli could, thus, reflect
auditory differences rather than species-spe-
cific processing mechanisms. A practical
point about this finding, however, is that it
provides some indication that different sub-
jects may learn different cues when learning
the same speech sound contrast. If hearing
loss in humans prevents use of certain sets of
cues, then this suggests that it may be possible
to base decisions on other cues.
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